The Clinical COPD Questionnaire (CCQ) is a simple 10-item, health-related quality of life questionnaire (HRQoL) with good psychometric properties. However, little data exists regarding the responsiveness of the CCQ to pulmonary rehabilitation (PR) or the minimal clinically important difference (MCID). The study aims were to assess the responsiveness of the CCQ to PR, to compare the responsiveness of the CCQ to other HRQoL questionnaires and to provide estimates for the MCID. Methods The CCQ, St George's Respiratory Questionnaire (SGRQ), Chronic Respiratory Questionnaire (CRQ) and COPD Assessment Test (CAT) were measured in 261 patients with COPD before and after outpatient PR. Pre to post PR changes and Cohen's effect size were calculated. Changes in CCQ were compared with changes in other HRQoL questionnaires. Using an anchor-based approach and receiver operating characteristic (ROC) curves, the CCQ change cutoffs that identified patients achieving the known MCID for other health status questionnaires with PR were identified. Results The CCQ, SGRQ, CRQ and CAT all significantly improved with PR with an effect size of −0.39, −0.33, 0.62 and −0.25, respectively. CCQ change correlated significantly with change in SGRQ, CRQ and CAT (r=0.48, 0.54, respectively; all p<0.001). ROC curves consistently identified a CCQ change cutoff of −0.4 as the best discriminating value to identify the MCID for the SGRQ, CRQ and CAT (area under curve: 0.71, 0.75 and 0.77, respectively; all p<0.001). Conclusions The CCQ is responsive to PR with an estimated clinically important improvement of −0.4 points. The CCQ is a practical alternative to more timeconsuming measures of HRQoL.
INTRODUCTION
Health-related quality of life (HRQoL) is an important outcome measure in patients with COPD, and increasingly used to quantify symptom burden and guide treatment. 1 Although there are numerous questionnaires designed to measure HRQoL in COPD, the most widely used questionnaires are the St George's Respiratory Questionnaire (SGRQ) 2 and the Chronic Respiratory Questionnaire (CRQ), 3 which are well validated, reliable and responsive to change. However, these questionnaires may be time consuming to complete, need health professional input, require specialist software to use, or are complex to score.
Recently, two shorter and simpler HRQoL questionnaires for patients with COPD have been described and validated. The COPD Assessment Test (CAT) consists of eight items, each scored between 0 and 5, providing a total score out of 40. 4 It is self-completed and is easily scored by adding the scores of the eight individual items, with higher scores representing greater negative impact of disease on HRQoL. The Clinical COPD Questionnaire (CCQ) consists of 10 items (each scored between 0 and 6), divided into three domains (symptoms, functional, mental). 5 The total score is calculated by summing the scores of the individual items and dividing by 10 (the number of individual items) giving a total score between 0 and 6 with higher scores representing worse HRQoL.
The CAT and CCQ show good psychometric properties and take less than 2 min to complete. Recently, the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines recommended the use of the CAT questionnaire to assess symptom burden in patients with COPD and assist in guiding management. 1 
Key messages
What is the key question?
▸ Does the Clinical COPD Questionnaire (CCQ), a simple, easy-to-complete health status questionnaire, show a response to pulmonary rehabilitation?
What is the bottom line?
▸ The CCQ decreases (improves) with pulmonary rehabilitation, with a clinically important improvement estimated as a fall of 0.4 points. Change in CCQ with pulmonary rehabilitation correlates significantly with change in other well established disease-specific questionnaires.
Why read on?
▸ This study provides evidence that the CCQ is as responsive as other well established COPD-specific health status instruments, and is a practical alternative compared with more time-consuming questionnaires.
Despite being described 6 years earlier, the CCQ is arguably less well known than the CAT. However, there is indirect evidence that the CCQ may have some advantages over the CAT. Patients with COPD participating in pulmonary rehabilitation (PR) show a greater need for assistance to complete the CAT compared with the CCQ. 6 Similarly, in a study comparing the validity of the CAT, CCQ and SGRQ, more than 60% of patients reported the CCQ being a better tool than the CAT for assessing health status. 7 Furthermore, in a multicentre study designed to assess the responsiveness of the CAT to PR, effect size for the CCQ was observed to be higher than the CAT (0.6 vs 0.4), although this was in a small subset of the study cohort. 8 Recently the International Primary Care Respiratory Group reviewed nine COPD 'Wellness' tools, including the CCQ, CAT, CRQ and SGRQ, and concluded that the CCQ was the most suitable tool for use in primary care. 9 PR is the cornerstone of management in COPD. Recently there have been several publications reporting the responsiveness of the CAT to PR. 8 10 11 However, little data exist regarding the responsiveness of the CCQ to PR. Only one previous study has estimated the minimal clinically important difference (MCID) for the CCQ using anchor-based and distribution-based approaches. 12 Therefore, the aims of the study were to assess the responsiveness of the CCQ to PR, compare the responsiveness of the CCQ to other well established HRQoL questionnaires and to provide further data to corroborate previous estimates of the MCID for the CCQ. We hypothesised that the CCQ would decrease significantly with PR, and would be similarly responsive to the effects of PR as the CAT.
METHODS Participants
Participants were recruited from Harefield Hospital between November 2011 and January 2013. Inclusion criteria included a diagnosis of COPD, according to GOLD criteria, 13 clinical indication for PR according to British Thoracic Society guidelines 14 and no exacerbation in the past 6 weeks. Exclusion criteria included any condition that might make exercise unsafe (eg, unstable cardiac disease, inability to walk 5 m without assistance), predominant neurological limitation to walking (eg, significant hemiplegia) or previous PR within the past 12 months. All participants gave informed consent and the study was approved by the West London and the London-Camberwell St Giles Research Ethics Committees.
Measurements and PR
The weekly version of the CCQ was prospectively measured before and after PR. Other outcome variables included the incremental shuttle walk (ISW), 15 the SGRQ, 2 the self-reported CRQ 3 and the CAT. Patients were kept blinded to their performance in their questionnaires and walking tests until the completion of all study assessments. PR comprised an 8-week outpatient-based programme, consisting of two supervised exercise and education sessions per week. Patients were given a choice of four hospital and community-based locations around northwest London but classes were run by the same team with the same equipment. Each supervised session lasted 2 h, comprising 1 h of exercise (aerobic walking and cycling, strength training for the upper and lower limb), and 1 h of educational activities (with an emphasis on self-management) delivered by a multidisciplinary team. Aerobic exercise intensity was initially set at 60-80% of the predicted VO 2 max and increased according to dyspnoea, as measured using the modified Borg breathlessness scale. Patients also received an individualised home exercise programme and diary, which encouraged at least 20 min of exercise per day.
Sample size
We aimed to study a minimum of 250 PR COPD completers, in line with previous reports in this area. 8 From previous audits of the Harefield PR service, the dropout from PR is approximately 25%. We therefore aimed to recruit a minimum of 333 patients over the time period.
Data analysis
Data analyses and graphical presentations were performed using GraphPad Prism 5 (GraphPad Software, San Diego, California, USA) or SPSS version 21 (IBM, Armonk, New York, USA). Only data from participants who attended pre and post PR assessments and completed the CCQ were analysed. Paired t tests were used to compare outcomes before and after PR. Pearson correlation was used to assess the relationship between change in CCQ and change in other health status instruments (SGRQ, CRQ and CAT). Analysis of variance (ANOVA) was used to compare multiple groups. Cohen's d effect size was calculated as the mean difference in outcome variable before and after PR divided by the mean SD (ie, mean SD at baseline and following PR).
Determination of MCID
To estimate the MCID, the change in CCQ with PR was anchored against change in the other HRQoL questionnaires (SGRQ, CRQ and CAT) as these measure a similar construct to the CCQ. The mean (95% CI) CCQ changes according to whether patients achieved or failed to achieve the accepted MCID for the SGRQ total score (decline of 4 points or more) 16 and for the CRQ total score (an increase in 10 points or more) 17 with PR were calculated. The MCID for the CAT has not been formally established, but based on the relationship with SGRQ, a decrease of 4 points in SGRQ is equivalent to a decrease of 1.6 points in the CAT. 4 As the CAT score is expressed as an integer on an individual level, we therefore calculated the mean (95% CI) change in CCQ according to whether patients showed at least a 2-point reduction in CAT or not with PR. To identify the MCID for the CCQ, we plotted receiver operating characteristic (ROC) curves to determine the change in CCQ with equal sensitivity and specificity to discriminate between 'improved' (those achieving the MCID for the HRQoL questionnaire) and 'unchanged' patients (not achieving the MCID), as previously described. 18 
RESULTS
Out of 338 patients with COPD referred for PR during the study time period, a total of 261 patients completed PR with pre and post CCQ measurements. The non-completers had significantly higher mean CCQ scores than the completers (3.3 vs 2.8; p<0.01), despite similar age and lung function parameters. Baseline characteristics of the completers are outlined in table 1.
The baseline CCQ total scores stratified by spirometric GOLD stage were: GOLD 1=2.3, GOLD 2=2.6, GOLD 3=2.9 and GOLD 4=3.2 (ANOVA, p<0.001). The response to PR is outlined in table 2.
There were significant changes in ISW, SGRQ, CRQ, CAT and CCQ with PR. The effect sizes of response for SGRQ, CRQ, CAT and CCQ were −0.33, 0.62, −0.25, and −0.39, respectively. Change in CCQ with PR correlated significantly with change in SGRQ, CRQ and CAT (table 3; figure 1 ).
Change in CCQ with PR, according to baseline GOLD spirometric classification, showed no between-group differences (ANOVA, p=0.31).
Floor and ceiling effects were negligible. No patient in the study, either pre or post PR, reached the highest possible score of 6 (worst health status), and only one patient (<0.01%) had optimal health status (ie, a score of 0).
MCID for the CCQ
The SEM for the CCQ was 0.29, half SD change was 0. ROC curves to identify the best change in CCQ to discriminate between those achieving the MCID for the SGRQ, CRQ and CAT are shown in figure 3 . All three curves were consistent in identifying a CCQ change cutoff of −0.40 as the best discriminating value with an area under the curve of 0.71, 0.75 and 0.77, respectively. Using the proposed MCID of −0.40, 54% of the PR cohort achieved the MCID for the CCQ. In comparison, 52%, 58% and 53% achieved the established MCID for the SGRQ, CRQ and CAT.
DISCUSSION
The main findings of the present study are that the CCQ is responsive to outpatient PR and is equally as responsive as other well established HRQoL questionnaires such as the SGRQ and CAT. Change in CCQ in response to PR correlates significantly with change in SGRQ, CRQ and CAT. Furthermore, using three different HRQoL questionnaires as external anchors, we were able to obtain a consistent estimate of the minimal clinically important improvement for the CCQ to be −0.4, corroborating previous estimates.
CCQ and PR
Despite the CCQ being first described and validated in 2003, 5 it is surprising that there is a paucity of data regarding the response of the CCQ to PR. Damato et al demonstrated a significant reduction in total CCQ score (from 2.0 to 1.3) in 46 patients with COPD undergoing 3 weeks of intensive inpatient PR. 19 More recently, Dodd et al examined the response of the CAT to outpatient PR in a prospective multicentre centre. 8 In one of the seven participating centres, the CCQ was also measured before and after PR in 57 patients, demonstrating a significant mean reduction of −0.7. Strengths of our current study include the significantly larger sample size, the concurrent prospective data collection of several HRQoL questionnaires in all patients, and the unselected nature of patients with COPD who were referred to PR for clinical reasons. Several recent studies have proposed the CAT as a simpler practical alternative HRQoL measure to more time-consuming questionnaires such as the CRQ and SGRQ, 8 10 20 arguing that the adoption of a quicker health status questionnaire could lead to more efficient service delivery and consequent cost savings. Like the CAT, the CCQ requires considerably less time and staff input to complete compared with more established questionnaires, 6 but the CCQ may arguably provide greater information due to the inclusion of domain and total scores. Recent studies also seem to suggest that at the patient and clinician level, there is a slight preference for the CCQ over the CAT. 6 7 9 According to effect size, the CCQ appeared to be as responsive, if not more responsive, than the CAT and the SGRQ, corroborating previous data, 8 albeit from a smaller cohort.
The minimal clinically important difference for the CCQ
Although the CCQ is responsive to intervention and change, 5 19 21 22 there is a paucity of data regarding the MCID. One previous study calculated the SEM only 7 and only one study has attempted to estimate the MCID of the CCQ using more than one approach. 12 Kocks et al studied 210 hospitalised patients with acute exacerbations of COPD participating in a randomised controlled trial comparing 5 days of treatment with either intravenous or oral prednisolone. Using a distributionbased approach, the SEM was calculated to be 0.21. 12 The investigators also used the global rating of change questionnaire as an external criterion to anchor the change in CCQ. On day 3 after admission the mean (95% CI) change in CCQ in 22 patients reporting a pre-specified global rating of +2 to +3 was −0.44 (−0.13 to −0.75). In 168 patients who completed a CCQ at day 42 after admission, differences in mean CCQ scores at day 42 were compared between patients who did and did not experience a major health event (death, rehospitalisation) at 12 months. A mean difference of 0.39 was observed, again with wide 95% CIs (0.07 to 0.71). 12 We believe that our current study adds to the current knowledge base as there were significant differences to the study of Kocks et al. First, our study focused on stable patients with COPD rather than those admitted with an acute exacerbation. Second, we used changes in HRQoL questionnaires as our external anchors, which measure similar construct to the CCQ. This was confirmed by demonstrating that change in CCQ with PR correlated significantly with change in the other HRQoL questionnaires with coefficients ranging from 0.48 to 0.56. This is important as robust anchor-based estimates are dependent on significant correlations between the outcome of interest and the anchors. 23 Lastly, we used ROC curves to plot sensitivity/specificity plots to identify the CCQ change cutoff that best identified patients who achieved the MCID for the anchor questionnaires. Despite using three different anchors, it was extremely reassuring to observe the same estimate for the MCID of the CCQ. We believe that using the mean of the 'improvers' overestimates the MCID as the group may include those who experience a minimal clinically important improvement and those who experience large clinical important. To illustrate the case, the SGRQ 'improvers' had a mean SGRQ change of −13.3 following PR, noticeably greater than the accepted MCID for the SGRQ. Despite these differences, our findings corroborate the findings of Kocks and colleagues in estimating the MCID for the CCQ to be 0.4.
There were limitations to our study. Only a few patients showed deterioration in the HRQoL greater than the accepted MCID for the questionnaires. Due to the small numbers, we were not able to anchor the change in CCQ against significant deterioration in HRQoL. Hence our estimate of the MCID is strictly only an estimate of the minimal clinically important improvement. Further studies in the CCQ are required to confirm that patients perceive size of deterioration similarly to size of improvement. Recall bias is another universal limitation of all approaches that use changes in questionnaires over time as the external anchor. In addition, subjective responses to external anchors will be highly biased by the patient's explicit knowledge of the change in outcome of interest. A further limitation is that patients who did not complete PR were excluded from the final analysis. Although the PR completion rate of 77% is in line with, if not better than, rates described from other UK services, it is conceivable that the exclusion of the non-completers may have biased estimates of responsiveness of the CCQ.
In summary, our study demonstrates that the CCQ is responsive to the effects of PR with similar, if not better, responsiveness to the CAT and SGRQ. Using a variety of HRQoL questionnaires as external anchors, we estimate the minimal clinically improvement of the CCQ to be a 0.4 point decrease. We propose that the CCQ is a practical, simpler alternative to more time-consuming measures of HRQoL. 
